In this paper, we have investigated the cause of the significant self-diffusion of Ag films during air annealing. Contrary to our original suspicions, it was found that self-diffusion is not caused by oxygen or water in the air, but nather by the absorption of Cl from the air. This absorption can be prevented by a Ti passivation technique. It was confirmed that Ti self-passivated interconnects offer better than three orders of magnitude greater reliability than those without passivation.
Introduction
Silver has the lowest resistivity of all metals, and its high oxidation resistance differentiates it from copper.
In addition, its higher melting point and greater atomic mass suggest better electromigration reliability than aluminum. These properties of silver make it an attractive alternative for future UISI interconnects. However, self-diffusion at the silver surface when in air induces agglomeration at relatively low temperatures, even below 200'C, as shown in Fig.l(a) , this makes it unsuitable for interconnects. In order to reduce this excessive self-diffusion and agglomeration, we have developed a Ti self-passivation technique for Ag films [U as shown in Fig.2 and obtained good Ag interconnects with high resistance to agglomeration. Figure 2(a) Fig.4 . It is interesting to note that AgCl-undetected before annealing ( Fig.a(a) )-was found after annealing in air, as shown in Fig.4 (b). It should be noted that no AgCl was detected in samples annealed in an argon ambient in the furnace as shown in Fig.4 2.2 Ti self-passivation mechanism Next, we examine the mechanism of Ti self-passivation of Ag films. Figure 5 shows a cross-sectional SEM photograph of the temperature dependence of an Ag(40Onm)lTi(50nm) film annealed in zrn argon ambient. A sample annealed at 450'C ( Fig.s(b) ) shows no detectable reaction between Ti and Ag. At 6OO'C and 7fl"C, Ti moves through the Ag film to the upper surface, and is there oxidized by the small amount of oxygen contained in the furnace to form aTiOz film. In the case of 7fl"C annealing (Fig.s(d) ), a thicker TiOz film is formed, but voids occur at some locations in the Ag film. Therefore 600'C annealing (Fig.S(c) 
Conclusion
We investigated the mechanisms of Ag surface self-diffusion ard Ti self-passivation, finding that the significant self-diffusion of Ag films during air annealing is caused by the absorption of Cl from the air, and that this absorption can be prevented by Ti passivation.
Next, the mechanism of Ti self-passivation of an Ag lilm was analyzecl. Ti seems to diffuse very rapidly through the grain boundaries to form a TiOz passivation layer at the surface. Ti does not form alloys in the Ag bulk, ensuring low resistivity of the passivated Ag film. The optimum process for self-passivation was using an Ag/Ti multilayer film annealed in argon at 600"c. 
